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© Method for purifying phage DNA. 



© Disclosed is a method for purifying phage DNA 
which can be carried out without centrifugation steps 

^ and without use of toxic reagents. In the method of 

tfj the invention, a mixture containing microorganism 

O cells and phage is filtered through a membrane filter 
so as to remove said microorganism cells. Then 

f— phage proteins are decomposed and denatured. 

CO Thereafter, the resultant is subjected to ultrafiltration 

^ so as to remove impurities. 
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BACKGROUND OF THE INVENTION 



I. Held of the Invention 

The present invention relates to a method for 
purifying phage ON A. The method of the present 
invention may be used in the field of genetic en- 
gineering. 

II. Description of the Related Art 

Recently, with the progress of the genetic en- 
gineering techniques, nucleic acids are widely puri- 
fied from various celts, viruses and phages. For 
determining base sequences of DNAs carrying ge- 
netic information, it is an important technique to 
replicate single-stranded DNAs by culturing M13 
phage with E. colL Purification of phage DNAs is 
generally carried out in this technique. The widely 
adopted conventional method for purifying phage 
DNAs from the culture medium comprises the 
steps of removing E. coil ceils from the culture 
medium by centrifugation, precipitating the phage 
by treatment with polyethyleneglycol. removing 
proteins by phenol extraction and concentrating 
DNA by ethanol precipitation. 

However, with this conventional method, 
reagents which are toxic to human, such as phenol 
and chloroform must be used. Further, since cen- 
trifugation is necessary in each step, it is difficult to 
automatize the method. For automatizing the pu- 
rification, a method which does not require cen- 
trifugation is desired. 

SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention 
is to provide a process of purifying phage DNAs by 
which phage DNAs may be purified to high purity 
without centrifugation steps and without using 
reagents toxic to human. 

The present inventors intensively studied to 
find that phage DNAs may be purified to high 
purity by removing E. coli ceils by filtration through 
a membrane filter, decomposing and denaturing 
the phage proteins, and then removing the proteins 
by ultrafiltration, to complete the present invention. 

That is, the present invention provides a meth- 
od for purifying phage DNAs comprising, in the 
order mentioned, the steps of filtering a mixture 
containing microorganism ceils and phage through 
a membrane filter to obtain a filtrate, so as to 
remove said microorganism cells; decomposing 
and denaturing phage proteins in said filtrate; and 
subjecting the resultant to ultrafiltration so as to 
remove impurities. 

By the method of the present invention, phage 



DNAs may be purified to high purity with high yield 
from a culture medium without conducting a cen- 
trifugation step. According to the method of the 
present invention, since the centrifugation steps is 
5 not necessary, the method may be automatized. 
Further, with the method of the present invention, 
toxic reagents are not necessary and the time 
required for the purification is shortened. 

io BRIEF DESCRIPTION OF THE DRAWING 

The drawing shows an agarose gel elec- 
trophoresis pattern of a phage DNA purified by the 
method of the present invention together with an 
is electrophoresis pattern of the phage DNA purified 
by the conventional method and an electrophoresis 
pattern of a commercially available phage DNA. 

BEST MODE FOR CARRYING OUT THE INVEN- 
20 TION 

In the method of the present invention, a mix- 
ture containing microorganism cells and phage is 
treated. Representative example of such a mixture 
25 is a culture medium of a microorganism which is 
infected with a virus. The culture medium may be 
treated as it is by the method of the present 
invention. For example, a culture medium contain- 
ing M13 phage and E. coli in 2 x TY medium or 
30 the like may be treated by the method of the 
present invention. 

In the first step of the method of the present 
invention, the above-described mixture is filtered 
through a membrane filter so as to remove mi- 
35 croorganism cells. The pore size of the membrane 
filter used here may preferably be 0.45 - 0.22 ^m. 
The material constituting the membrane filter is not 
at all restricted. 

In the second step, the phage proteins in the 
40 filtrate is decomposed and denatured. The decom- 
position and denaturation of the proteins may be 
carried out by treating the filtrate with a proteolytic 
enzyme such as Proteinase K. In this case, the 
concentration of the proteolytic enzyme may be 
45 appropriately selected. When a culture medium 
containing M13 phage and E. coif is treated, the 
concentration of the proteolytic enzyme may usu- 
ally be 0.001 - 0.5 mg/ml. As described later, it is 
preferred to subject the filtrate to ultrafiltration be- 
so fore the treatment with a proteolytic enzyme and to 
add the proteolytic enzyme to the phage remained 
on the ultrafiltration membrane, although this ul- 
trafiltration step is not required. 

Other than the treatment with a proteolytic en- 
zyme, the decomposition and denaturation of the 
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phage proteins may be carried out by treatment 
with an organic solvent, a surfactant or an alkali or 
by heat treatment or the like. More particularly, the 
step of decomposing and denaturing the proteins 
may be carried out by treating the protein with an 
organic solvent such as 30 - 100% methanol or 
ethanol. The separation of DNA and proteins may 
be attained by using a reagent which does not 
have a decomposing ability as strong as proteolytic 
enzymes or organic solvents, when a compara- 
tively simple phage is to be treated. For example, 
the decomposition and denaturation of proteins 
may be attained by treatment with a surfactant. 
Preferred examples of the surfactant include anion 
surfactants such as sodium lauryl sulfate (SDS). In 
case of using SDS, the concentration thereof may 
preferably be 0.01 - 1% by weight. Since proteins 
are weak to heat and nucleic acids such as DNAs 
are relatively strong to heat, heat may be utilized 
for the protein-nucleic acid separation. In this case, 
the heat treatment may preferably be carried out at 
a temperature of 80 - 100* C for 5 - 20 minutes. 
The decomposition and denaturation of the proteins 
may also be carried out by alkali treatment. Pre- 
ferred examples of the alkali include aqueous solu- 
tion of alkaJine metal hydroxides with a concentra- 
tion of 0.1 - 1N. 

The above-mentioned treatments may be car- 
ried out individually or in combination. By this step, 
proteins can be removed from the phage DNA. 

The resulting solution is then ultrafiltered. The 
ultrafiltration membrane used herein preferably has 
a fractionation molecular weight of 20,000 to 
1 ,000,000. If the molecular weight to be fractionat- 
ed is smaller than this range, the efficiency of the 
removal of proteins is reduced. On the other hand, 
if the molecular weight is larger than this range, 
DNA may pass through the ultrafilter. The ultrafilter 
may be made of any material. For example, com- 
mercially available ultrafilters made of polysulfone 
may be employed. After the ultrafiltration, by wash- 
ing the ultrafilter with an appropriate solution such 
as a buffer solution, the phage DNA may be recov- 
ered as a solution. To promote the yield of the 
phage DNA, it is preferred to wash the ultrafilter by 
passing the solution through the ultrafilter. The 
solution to be used for washing the ultrafilter is not 
restricted. Widely used buffer solutions such as 
TE-buffer (Tris-HCI buffer containing EDTA) may 
be employed as the solution for washing the ul- 
trafilter. By this ultrafiltration step, the proteins and 
other impurities are removed from the solution ob- 
tained in the second step, so that phage DNA is 
purified. 

The second step may be carried out imme- 
diately after the first step as described above. 
However, after the first step, the obtained filtrate 
may . be subjected to ultrafiltration to remove low 



molecular components, thereby purifying the 
phage. In this case, the ultrafiltration may be car- 
ried out in the same manner as in the third step 
just described above. Further, if this ultrafiltration 
5 step is employed, the treatment for decomposing 
and denaturing the proteins in the second step 
may be carried out on the ultrafilter, and the ultrafil- 
tration in the third step may be carried out on the 
same ultrafilter. 

10 

Example 

The invention will now be described by way of 
an example thereof. The example is presented for 

15 illustration purpose only and should not be inter- 
preted in any restrictive way. 

£ coli JM109 was inoculated to 2 x TY me- 
dium, and then M13 phage was infected thereto. 
The medium was incubated at 37* C for 4 hours. 

20 The resulting culture medium was filtered 
through a membrane filter having a pore size of 
0.45 ^m under a pressure with nitrogen gas. 

The obtained filtrate was subjected to ultrafil- 
tration through a ultrafilter having a fractionation 

25 molecular weight of 300,000 to remove low molec- 
ular weight components in the culture medium. To 
decompose the proteins of the phage, 5 ^g//il solu- 
tion of proteinase K was placed on the ultrafilter, 
and the reaction was allowed to occur for 10 min- 

30 utes. 

The enzyme solution was removed under pres- 
sure, and the ultrafilter was washed with TE buffer 
by passing through the buffer under pressure 
through the ultrafilter. Two hundred microliters of 

35 TE buffer was placed on the ultrafilter and the 
ultrafilter was shaken. Thereafter, the TE buffer was 
recovered by using a pipette. 

By this procedure, 2.5 iiQ of phage DNA was 
recovered from 2 ml of the culture medium. 

40 The thus obtained phage DNA was subjected 

to agarose gel electrophoresis according to a con- 
ventional method. As controls, commercially avail- 
able M13 phage DNA and the M13 phage DNA 
purified by the conventional purification method 

45 comprising polyethylene glycol precipitation and 
phenol extraction were also subjected to agarose 
gel electrophoresis. 

The results are shown in the drawing. In the 
drawing, lane 1 shows an electrophoresis pattern of 

so molecular weight markers consisting of H/ndlll di- 
gest of X phage, lane 2 shows an electrophoresis 
pattern of commercially available M13 phage 
single-stranded DNA, lane 3 shows an elec- 
trophoresis pattern of M13 phage DNA purified by 

55 the conventional polyethylene glycol precipitation 
and phenol extraction, and lane 4 shows an elec- 
trophoresis pattern of M13 phage DNA purified by 
the method of the present invention. 
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As is apparent from the drawing, it was con- 
firmed that the phage DNA was purified to high 
purity by the method of the present invention. 

Although the present invention was described 
by way of preferred embodiment thereof, it is ap- s 
parent for those skilled in the art that various modi- 
fications may be made without departing from the 
spirit and scope of the present invention. 

Claims 10 

1- A method for purifying phage DNA comprising, 
in the order mentioned, the steps of: 
filtering a mixture containing microorganism 
cells and phage through a membrane filter to 15 
obtain a filtrate, so as to remove the said 
microorganism cells; 

decomposing and denaturing phage proteins in 
the said filtrate; and 

subjecting the resultant to ultrafiltration so as 20 
to remove impurities. 

2. A method as claimed in Claim 1 , characterised 
in that the pore size of the said membrane 
filter is 0.45 pm to 0.22 /im. 25 

3. A method as claimed in Claim 1 or Claim 2 
characterised in that the molecular weight to 
be fractionated by the said ultrafiltration is in 

the range 20,000 to 1,000,000. 30 

4. A method as claimed in Claim 1, 2 or 3 
characterised in that the step of decomposing 
and denaturing phage proteins is carried out 

by treating the said phage proteins with a 35 
proteolytic enzyme, 

5. A method as claimed in Claim 1, 2, 3 or 4 
characterised in that it further comprises the 
step of ultrafiltration of the said filtrate obtained 40 
in the first step from the membrane filter be- 
fore the said step of decomposing and de- 
naturing the phage proteins. 
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Description 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 

The present invention relates to a method for pur- 
ifying phage DNA. The method of the present inven- 
tion may be used in the field of genetic engineering. 

II. Description of the Related Art 

Recently, with the progress of the genetic engin- 
eering techniques, nucleic acids are widely purified 
from various cells, viruses and phages. For determin- 
ing base sequences of DNAs carrying genetic infor- 
mation, it is an important technique to replicate single- 
stranded DNAs by culturing M13 phage with E coii. 
Purification of phage DNAs is generally carried out in 
this technique. The widely adopted conventional 
method for purifying phage DNAs from the culture 
medium comprises the steps of removing E. coii cells 
from the culture medium by centrifugation, precipitat- 
ing the phage by treatment with polyethyleneglycoi, 
removing proteins by phenol extraction and concen- 
trating DNA by ethanol precipitation. 

However, with this conventional method, re- 
agents which are toxic to human, such as phenol and 
chloroform must be used. Further, since centrifuga- 
tion is necessary in each step, it is difficult to automa- 
tize the method. For automatizing the purification, a 
method which does not require centrifugation is de- 
sired. 

SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention is 
to provide a process of purifying phage DNAs by 
which phage DNAs may be purified to high purity 
without centrifugation steps and without using re- 
agents toxic to human. 

The present inventors intensively studied to find 
that phage DNAs may be purified to high purity by re- 
moving E. coii cells by filtration through a membrane 
filter, decomposing and denaturing the phage pro- 
teins, and then removing the proteins by ultrafiltra- 
tion, to complete the present invention. 

That is, the present invention provides a method 
for purifying phage DNAs comprising, in the order 
mentioned, the steps of filtering a mixture containing 
microorganism cells and phage through a membrane 
filter to obtain a filtrate, so as to remove said micro- 
organism cells; decomposing and denaturing phage 
proteins in said filtrate; and subjecting the resultant to 
ultrafiltration so as to remove impurities. 

By the method of the present invention, phage 
DNAs may be purified to high purity with high yield 
from a culture medium without conducting a centrifu- 



gation step. According to the method of the present 
invention, since the centrifugation steps is not neces- 
sary, the method may be automatized. Further, with 
the method of the present invention, toxic reagents 
5 are not necessary and the time required for the puri- 
fication is shortened. 

BRIEF DESCRIPTION OF THE DRAWING 

10 The drawing shows an agarose gel electrophore- 
sis pattern of a phage DNA purified by the method of 
the present invention together with an electrophore- 
sis pattern of the phage DNA purified by the conven- 
tional method and an electrophoresis pattern of a 

is commercially available phage DNA. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

20 In the method of t he present invention, a mixture 

containing microorganism cells and phage is treated. 
Representative example of such a mixture is a culture 
medium of a microorganism which is infected with a 
virus. The culture medium may be treated as it is by 

25 the method of the present invention. For example, a 
culture medium containing M13 phage and E. coli in 
2 x TY medium or the like may be treated by the meth- 
od of the present invention. 

In the first step of the method of the present in- 

30 vention, the above-described mixture is filtered 
through a membrane filter so as to remove microor- 
ganism cells. The pore size of the membrane filter 
used here may preferably be 0.45 - 0.22 urn. The ma- 
terial constituting the membrane filter is not at all re- 

35 stricted. 

In the second step, the phage proteins in the fil- 
trate is decomposed and denatured. The decomposi- 
tion and denaturation of the proteins may be carried 
out by treating the filtrate with a proteolytic enzyme 

40 such as Proteinase K, In this case, the concentration 
of the proteolytic enzyme may be appropriately se- 
lected. When a culture medium containing M 1 3 phage 
and E. coii is treated, the concentration of the proteo- 
lytic enzyme may usually be 0.001 - 0.5 mg/ml. As de- 

45 scribed later, it is preferred to subject the filtrate to ul- 
trafiltration before the treatment with a proteolytic en- 
zyme and to add the proteolytic enzyme to the phage 
remained on the ultrafiltration membrane, although 
this ultrafiltration step is not required. 

so Other than the treatment with a proteolytic en- 

zyme, the decomposition and denaturation of the 
phage proteins may be carried out by treatment with 
an organic solvent, a surfactant or an alkali or by heat 
treatment or the like. More particularly, the step of de- 

55 composing and denaturing the proteins may be car- 
ried out by treating the protein with an organic solvent 
such as 30 - 100% methanol or ethanol. The separa- 
tion of DNA and proteins may be attained by using a 
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reagent which does not have a decomposing ability 
as strong as proteolytic enzymes or organic solvents, 
when a comparatively simple phage is to be treated. 
For example, the decomposition and denaturation of 5 
proteins may be attained by treatment with a surfac- 
tant Preferred examples of the surfactant include 
anion surfactants such as sodium lauryl sulfate 
(SDS). In case of using SDS, the concentration there- 
of may preferably be 0.01 - 1% by weight. Since pro- 10 
teins are weak to heat and nucleic acids such as 
DNAs are relatively strong to heat, heat may be util- 
ized for the protein-nucleic acid separation. In this 
case, the heat treatment may preferably be carried 
out at a temperature of 80 - 100°C for 5 - 20 minutes. is 
The decomposition and denaturation of the proteins 
may also be carried out by alkali treatment Preferred 
examples of the alkali include aqueous solution of al- 
kaline metal hydroxides with a concentration of 0.1 - 
1N. 20 

The above-mentioned treatments may be carried 
out individually or in combination. By this step, pro- 
teins can be removed from the phage DNA. 

The resulting solution is then ultraf iltered. The ul- 
trafiltration membrane used herein preferably has a 25 
fractionation molecular weight of 20,000 to 1 ,000,000. 
If the molecular weight to be fractionated is smaller 
than this range, the efficiency of the removal of pro- 
teins is reduced. On the other hand, if the molecular 
weight is larger than this range, DNA may pass 30 
through the ultrafilter. The ultraf ilter may be made of 
any material. For example, commercially available ul- 
traf liters made of polysulfone may be employed. After 
the ultrafiltration, by washing the ultrafilter with an 
appropriate solution such as a buffer solution, the 35 
phage DNA may be recovered as a solution. To pro- 
mote the yield of the phage DNA, it is preferred to 
wash the ultrafilter by passing the solution through 
the ultrafilter. The solution to be used for washing the 
ultrafilter is not restricted. Widely used buffer solu- 40 
tions such as TE-buffer (Tris-HCI buffer containing 
EDTA) may be employed as the solution for washing 
the ultrafilter. By this ultrafiltration step, the proteins 
and other impurities are removed from the solution 
obtained in the second step, so that phage DNA is 45 
purified. 

The second step may be carried out immediately 
after the first step as described above. However, after 
the first step, the obtained filtrate may be subjected 
to ultrafiltration to remove low molecular components, so 
thereby purifying the phage. In this case, the ultrafil- 
tration may be carried out in the same manner as in 
the third step just described above. Further, if this ul- 
trafiltration step is employed, the treatment for de- 
composing and denaturing the proteins in the second 55 
step may be carried out on the ultrafilter, and the ul- 
trafiltration in the third step may be carried out on the 
same ultrafilter. 



Example 

The invention will now be described by way of an 
example thereof. The example is presented for illus- 
tration purpose only and should not be interpreted in 
any restrictive way. 

E. coli JM109 was inoculated to 2 x TY medium, 
and then M13 phage was infected thereto. The me- 
dium was incubated at 37°C for 4 hours. 

The resulting culture medium was filtered 
through a membrane filter having a pore size of 0.45 
nm under a pressure with nitrogen gas. 

The obtained filtrate was subjected to ultrafiltra- 
tion through a ultrafilter having a fractionation molec- 
ular weight of 300,000 to remove low molecular 
weight components in the culture medium. To decom- 
pose the proteins of the phage, 5 ug/uJ solution of pro- 
teinase K was placed on the ultrafilter, and the reac- 
tion was allowed to occur for 10 minutes. 

The enzyme solution was removed under pres- 
sure, and the ultraf ilter was washed with TE buffer by 
passing through the buffer under pressure through 
the ultrafilter. Two hundred microliters of TE buffer 
was placed on the ultrafilter and the ultrafilter was 
shaken. Thereafter, the TE buffer was recovered by 
using a pipette. 

By this procedure, 2.5 of phage DNA was re- 
covered from 2 ml of the culture medium. 

The thus obtained phage DNA was subjected to 
agarose gel electrophoresis according to a conven- 
tional method. As controls, commercially available 
M13 phage DNA and the M13 phage DNA purified by 
the conventional purification method comprising 
polyethylene glycol precipitation and phenol extrac- 
tion were also subjected to agarose gel electrophor- 
esis. 

The results are shown in the drawing. In the 
drawing, lane 1 shows an electrophoresis pattern of 
molecular weight markers consisting of H/ndlll digest 
of X phage, lane 2 shows an electrophoresis pattern 
of commercially available M13 phage single-stranded 
DNA, lane 3 shows an electrophoresis pattern of M13 
phage DNA purified by the conventional polyethylene 
glycol precipitation and phenol extraction, and lane 4 
shows an electrophoresis pattern of M13 phage DNA 
purified by the method of the present invention. 

As is apparent from the drawing, it was confirmed 
that the phage DNA was purified to high purity by the 
method of the present invention. 



Claims 

1 . A method for purifying phage DNA comprising, in 
the order mentioned, the steps of: 

filtering a mixture containing microorgan- 
ism cells and phage through a membrane filter to 
obtain a filtrate, so as to remove the said micro- 
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organism cells; 

decomposing and denaturing phage pro- 
teins in the said filtrate; and 

subjecting the resultant to ultrafiltration so 5 
as to remove impurities. 

2. A met hod as claimed in Claim 1 , characterised in 
that the pore size of the said membrane filter is 
0.45 u,m to 0.22 nm. w 



5. Verfahren nach Anspruch 1 , 2, 3 Oder 4, dadurch 
gekennzeichnet, dad es als weiteren Schritt die 
Ultrafiltration des im ersten Schritt vom Menv 
branfilter erhaltenen Filtrats vor dem 
Zersetzungs- und Denaturierungsschritt der 
Phagenproteine umfa&t. 



Revendications 



3. A method as claimed in Claim 1 or Claim 2 char- 
acterised in that the molecular weight to be frac- 
tionated by the said ultrafiltration is in the range 



5. A method as claimed in Claim 1 , 2, 3 or 4 charac- 
terised in that it further comprises the step of ul- 
trafiltration of the said filtrate obtained in the first 
step from the membrane filter before the said 
step of decomposing and denaturing the phage 
proteins. 



Patentanspruche 



1 . Precede de purification d'ADN phagique compre- 
nant.dans I'ordre mentionne.les etapes de: 

filtration d'un melange contenant des cel- 
lules de microorganismes et un phage a travers 
un filtre a membrane pour obtenir un f iltrat, afin 
d'enlever lesdites cellules de microorganismes; 

decomposition et denatu ration des proli- 
nes phagiques dans ledit f iltrat; et 

soumission du produit resultant a une ul- 
trafiltration de maniere a enlever les impuretes. 

2. Procede selon la revendication 1 , caracterise en 
ce que la taille des pores dudit filtre a membrane 

25 de 0,45 uin a 0.22 urn . 

3. Procede selon la revendication 1 ou la revendica- 
tion 2, caracterise en ce que le poids mol ecu) aire 
a fractionner par iadite ultrafiltration est dans un 

30 intervaile allant de 20000 a 1000000 . 



20,000 to 1,000,000. is 

4. A method as claimed in Claim 1 , 2 or 3 character- 
ised in that the step of decomposing and dena- 
turing phage proteins is carried out by treating the 
said phage proteins with a proteolytic enzyme. 20 



1. Verfahren zur Reinigung von Phagen-DNA, das 
die folgenden Schritte in der angegebenen Rei- 
henfolge umfaSt: 

Filtern eines Gemisches, das Mikroorganismus- 35 
zellen und Phagen enthalt, durch ein Mem bran- 
filter zur Gewinnung eines Filtrats, wobei die Mi- 
kroorganismuszellen entfernt werden; 
Zersetzung und Denaturierung der Phagenpro- 
teine in dem Filtrat; und 40 
Durchfuhrung einer Ultrafiltration mit dem erhal- 
tenen Produkt, um Verunreinigungen zu entfer- 
nen. 



4. Proced6 selon la revendication 1 , 2 ou 3, carac- 
terise en ce que I'etape de decomposition et de 
dgnaturation des proteines phagiques estcondui- 
te en traitant lesdites proteines phagiques avec 
une enzyme proteolytique. 

5. Procede selon la revendication 1 , 2, 3 ou 4, ca- 
racterise en ce qu'il com p rend en outre les etapes 
d'ultraf iltration dudit filtrat obtenu dans la premie- 
re etape a partir du 1 iltre a membrane avant Iadite 
etape de decomposition et de denatu ration des 
proteines phagiques. 



2. Verfahren nach Anspruch 1, dadurch gekenn- 45 
zeichnet, dad die Porengro&e des Membranfil- 

ters 0,45 um bis 0.22 betrSgt. 

3. Verfahren nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, datt das durch die Ultrafiltration zu so 
fraktionierende Molekulargewicht im Bereich 20 

000 bis 1 000 000 liegt 

4. Verfahren nach Anspruch 1, 2 oder 3, dadurch 
gekennzeichnet, dad der Zersetzungs- und De- 55 
naturierungsschritt der Phagenproteine durch 
Behandlung der Phagenproteine mit einem 
proteolytischen Enzym durchgefuhrt wird. 
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